The ideal gas thermodynamic properties [8"-H~, (CO -H~)/T, (8"-H~)/T, So, C;, Mlr, t..Cr, and log K f ] for ethylene and propylene in the temperature range 0 to 1500 K and at 1 ~tm have been calculated by the statistical thermodynamic method employing the most recent fundamental and molecular spectroscopic constants. The internal rotational contributions to thermodynamic properties for propylene were generated based on an internal rotation partition function formed by summation of interqal rotation energy levels. The energy levels were derived from the potential function V(cm -1) = 349.2 (1 -cos 30)-6.5 (I-cos 60) . The calculated heat capacities and entropies were compared with the available experimental values.
. Introduction
Ethylene (ethene, CH 2 =CH 2 ) and propylene (propene, CH 3 CH = CH 2 ) are two key alkenes whose the,rmodynamic properties were investigated extensively for decades. In order to improve. the reliability of the thermochemical calculations involving these two compounds, the thermodynamic properties for ethylene and propylene in the ideal gaseous state in the temperature range from 0 to 1500 K and at 1 atm· were reevaluated . using recent molecular and spectroscopic constants. In all computations, the most recent fundamental constants [1)1, the 1971 Atomic Weights: C = 12.011 and H = 1.0079 [2] , and 51 units [3] , were employed except for the unit of energy where the calorie was used (1 cal = 4.184J). This work thoroughly reviews the past research studies on the molecular structure, vibrational frequency assignments, enthalpy of formation, and other related properties for each compound. Propylene exhibits internal rotation, i.e., the methyl group (CH3) in the molecule can rotate around the C--C bond, and produces a special internal rotational contribution to the thermodynamic properties. Many investigators have studied the effect of the methyl rotor on the physical and thermodynamic properties of propylene. In this work, the reported observed torsional frequencies and potential barriers to internal rotation in propylene were critically reviewed and discussed. The ideal gas thermodynamic properties were calculated by the statistical thermodynamic method based on a rigid-rotor harmonic-oscillator model. The inte~nal rotation contributions to thermodynamic properties for propylene were evaluated by using a partition function formed by summation of internal rotational energy levels generated from a' selected potential function. The calculated results were added to the other usual contributions (translation, rotation, vibration, and electronic) to yield the final property values.
Ethylene
The molecular structure of ethylene has been studied by electron diffraction [4, 5, 9] , infrared [6, 7, 61] , and Raman [8] spectra. Lerberghe, Wright, and Duncan [61] observed the high-resolution infrared spectrum of ethylene and determined the ground state rotational constants: Ao =4.86596 ±0.00018 cm -1, Bo= 1.001329± 0.000061 em-I, and Co = 0.828424 ± 0.000062 cm-I .
These values were adopted to derive the product of I the three principal moments of inertia: I AI BI c = 5.434.1 X lO -117 g3 cm 6 for calculation of the rotational contribution to the thermodynamic properties of ethylene in the ideal gaseous state.
Many researchers have investigated the vibrational frequencies of ethylene by infrared spectra [1D- 13, 61] and Raman spectra [14-17, 45J . Recently Shimanouchi [18] has critically reviewed the reported spectral data and selected a complete set of vibrational wavenumbers for ethylene which was accept.ed for use. Five typical sets of vibrational assignments for ethylene are presented in table 1.
Using the above selected molecular and spectroscopic constants and other pertinent data, as given in table 2, we calculated the ideal gas thermodynamic functions for ethylene in the temperature range 0-1500 K and at 1 atm. The results are presented in table 3 .. Nume~ous other ll.H~values for ethylene have been reported in the literature [22] [23] [24] [25] [26] [27] [28] [29] . Some investigations [ [22] [23] [24] [25] may now be considered as of historical importance only. The results of the remaining measurements have been critically reviewed and discussed by Rossini and Knowlton [20] . Due to lack of high purity sample material and high precision calorimetric apparatus, these early t:Jl~ values were not adopted. Kistiakowsky et al. [30, 31] measured the enthalpy of hydrogenation of ethylene to form ethane at 355 K with Cu and Pt catalysts. Kistiakowsky and Nickle [33] determined the equilibrium constants of the reaction C 2 H 6 -C 2 H4 + H2 at 723.2 and 653.2 K. From the above results, using tlHr(298.15, C2H6, g) = -20.24 kcal mol-l [32] , the average value of tlHr(298.15, C 2 H 4 ;g) wasohtainedas 12~36 kcal mol-I.
In view of the abo~e difference in the values of tlHf,,(298.15, C 2 H 4 , g), the best adjusted value, 12.50 kcal mol-I, listed in API44 Tables [32] was adopted for gaseous ethylene in this work Incorporating this value with the enthalpies (HO -HoO) and Gibbs energy functions -(Go-f{~)ITfor C(gr~phite) and H 2 (g) from [34] ' and for C 2 H 4 (g) from this work, the valuefl of f1Hfo, tlGfo, and log K f in the temperature range 0 to 1500 K were calculated and presented in table 3.
Propylene
Propylene is the simplest alkyl derivative of ethylene. The molecular structure of this compound has been elucidated ·by Lide and Christensen [35] and Lide and Mann [36] from the microwave ~'pectra of seven isotopic species. In a more recent analysis of the microwave spectrum. Hirota [37] evaluated the three rota- tional constants as Ao = 1.54375, Bo = 0.31039, and Co = 0.27133 em-I. From these constants, we obtained h = 1.8133 X 10-39 , IB = 9.0187 X 10-39 , and I c= 1.0317 X 1O- 38 .g cm 2 • The product was 1.6873 X 10-115 g3 cm 6 which was adopted in this work. The vibrational spectra of propylene have been studied by many investigators_ From observed infrared [39, 40, [63] [64] [65] [66] [67] [68] [69] [70] and Raman [63, 66, 69, 71, 72] spectra, the fundamental vibrational modes for propylene were assigned. Table 4 lists five sets of fundamental vibrational assignments reported. In a recent study Silvi et al. [66] recorded the infrared and Raman spectra between 4000 and 200 cm -1 for four isotopic species of propylene in the gaseous and liquid states. Their vibrational assignments were accepted in this work.
In 1937 Pitzer [43] suggested a hindered internal rotation for the methyl group in propylene. Since that time, many chemists have concerned themselves with this problem. Due to lack of a reliable observed torsional frequency, Pitzer selected the internal rotation barrier height as an adjustable parameter to make the calculated heat capacities and entropies agree with the reported experimental data. Table 5 summarizes the internal rotation potential barriers in propylene as reported by different investigators. The discrepancies among these V3 values are caused in part by the fact that different investigators used different molecular structural parameters and vibrational frequencies for the evaluation.
In a Reference [67] . b Reference [38] . e Reference [39] .
d Reference [63] . [46] observed a series of transitions between CHa torsional levels: 188 ± 1 (0 ~ 1), 170.4 ± 1 (l ~ 2), and 163.8 ± 1 cm -1 (2 ~ 3A?) in the far-infrared spectrum for propylene. From these data, the potential function for internal rotation of the methyl group in propylene was determined as V (in cal mol-I) = 1/2 Va (1 -cos 38) + 112 V6 (1 -cos 68), where Va = 2033 and V6 = -46. Moller et al. [47] derived the potential function parameters as Va = 2038 and V 6 = -63 cal mol-1 from two strong torsional bands, observed at 188 and 171.5 cm -\ in the far infrared spectrum for propylene. Table 6 summarizes the observed torsional wavenumbers.
The microwave rotational spectra in the first and second excited states of the methyl torsion were observed by Hirota [37] . Based on his analysis, Hirota determined the internal rotation potential function as V = 112(1997)(1cos 38) -1/2(37)(1 -cos 68). Souter and Wood [48] reported two torsional bands at 188.0 ± 0.5 and 170.2 ± 0.5 cm-I . They combined the infrared and microwave spectral data and evaluated the two potential barriers as Va = 1953 cal moll and V6 = -14 cal mol-I, The differences in the results listed in table 5 between the values of torsional barriers determined by microwave splitting and those obtained from far infrared transitions . can be attributed to the different models used in the analysis.
The selected molecular, spectroscopic, and thermal constants, employed for the evaluation of the ideal gas thermodynamic properties for propylene, are given in table 7. The calculated thermodynamic properties are presented in table 8.
For calculation of thermodynamic properties due to internal rotation, we adopted the potential function and related molecular c~mstants determined by Hirota [37] for the generation of 104 internal rotation energy levels up to 20178 cm -1. The procedure developed by Laane [49] was adopted for generation of these energy levels.
The enthalpy of formation t::.Hr(298.15 K, g) = 4.88 kcal mol-l for propylene was taken from the API44 tables [32] . The values of HO-H~ and (CO-H~)/T for the elements C (graphite) and H2(g) , used for calculation of t::.Hr, t::.Cr, and log K f at various temperatures, were obtained from the recent values reported in the TRC Data Project tables [34] . 
Discussion
The vapor heat capacity of ethylene in the temperature range 178.6-464.0 K was measured calorimetrically by Eucken and Parts [55] . Haas and Stegeman [56] determined Cpo of ethylene at 298.16, 319.6, and 339.96 K, using a flow calorimeter. By the adiabatic expansion method of Lummer and Pringsheim,employing pure nitrogen as the standard comparison gas, Burcik, Eyster, and Yost [57] obtained the Cpo values at 270.7,300.0, and 320.7 K for ethylene. A comparison of the differences in the observed and calculated heat capacities for ethylene are presented in table 9 and figure 1. The results indicate that our calculated values . are in reasonable agreement with the experimental measurements; the differences are expected to be within their experimental uncertainties. correction for gas imperfection as 0.033 cal K -1 mol-1 [32] , we obtained 5°(225.4 K,g)= 59.77 cal K-l mol-I, while our calculated entropy value is 59.80 cal K -1 mol-I. The agreement is excellent. Therefore, the conclusion reached by Powell and Giauque, that the entropy discrepancy between the third law calorimetric entropy and the statistically calculated 'entropy was due to random end for end orientation of CH 2 = CH -CH 3 molecule in the crystal lattice, seems no longer valid. The reported entropies of propylene, calculated by the statistical thermodynamic method from the molecular and spectroscopic constants, are compared with those obtained from calorimetric measurements in table 11 .
The propylene vapor heat capacities have been determined by different experimental methods [50, 52, 53, 62] . The [52] were evaluated by the Lummer-Pringsheim adiabatic expansion method. In this method, the values of Cp o were derived from the measured low pressure thermal conductivities of propylene. Telfair [53J used sound velocity measurements as a means of determining the gaseous heat capacities of propylene. Bier et al. [62] measured the specific heat (298.15-473.15 K, 1-120 bar) for propylene calorimetrically.
By extrapolation of measured heat capaCItIes to zero pressure, they obtained the Cpo values for propylene in the ideal gaseous state in the temperature range 298.15-473.15 K. Table 12 gives the comparison of our calculated results with the extrapolations of experimental measurements. The deviations in C p O are shown graphically in figure 2.
It should be mentioned that, using the selected potential function and derived reduced moment for internal rotation, we calculated the first three torsional transitions as 189 (0 ~ 1), 170 (1 ~ 2), and 161 (2 ~ 3A) cm -1, which are in good agreement with those observed by Fateley and Miller [46] as shown in table 6 . This indicates that the generated internal rotation energy levels are reliable.
It is interesting to note that the use of the new 1973 physical constants [1] for the calculation produces insignificant changes in the derived thermodynamic properties for ethylene and propylene. For example in the temperature range from 50 to 1500 K, the increase in heat capacity and entropy are: 0.000-0.001 and 0.001-0.003 cal K -1 mol-I, respectively, for ethylene; and 0.000-0.001 and 0.000-0.002 cal K -1 mol-I, respectively, for propylene. There is essentially no enthalpy change for both ethylene and propylene. The maximum increase in enthalpy, at higher temperatures, is 1 cal mol -1. 
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